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WAVEFORM EQUALIZER, MOBILE STATION WIRELESS APPARATUS 
USING THE SAME, BASE STATION WIRELESS APPARATUS USING 
THE SAME , AND MOBILE COMMUNICATION SYSTEM USING THE SAME 



The present invention is related to a waveform equalizer 
having better equalization performance even in such a case that 
a transfer path is strongly varied, and is also related to a 
mobile station wireless apparatus and a mobile base station 



(automobile telephone), and a private digital wireless 
communication telephone, which use this waveform equalizer so 
as to remove an adverse influence caused by frequency selective 
fading. Further, the present invention is related to a mobile 
communication system arranged by these mobile station wireless 
apparatus and base station wireless -apparatus . 

Fig. 15 is a block diagram for representing an arrangement 
of a conventional waveform equalizer . This conventional waveform 
equalizer is arranged by a feed-forward filter ( FF filter) 9, 
a feed-back filter (FB filter) 10, an adder 4, and a discriminator 
5. A reception signal SI is entered into a plurality of delay 
elements 2. The plural delay elements 2 are cascade-connected 
inside the FF filter 9. A plurality (F0 to F4 ) of tap arrangement 
control switches 8 for controlling tap arrangements of the delay 
elements 2 are connected to the respective delay elements 2, 
and are connected via a weighting device 3 to the adder 4 . The 
output of the adder 4 is inputted to the discriminator 5, and 
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the output of the discriminator 5 constitutes an equalization 
output S2 . On the other hand, the equalization output S2 is 
entered into a plurality of delay elements 7 which are 
cascade-connected within the FF filter 10. A plurality (Bl to 
5 B4) of tap arrangement control switches 8 for controlling tap 
arrangements of the delay elements 7 are connected to the respective 
delay elements 7, and are connected via the weighting device 
3 to the adder 4 . 

In this case, the FF filter 9 may contribute the equalization 
Q 10 of the components of the preceding waves rather than the 
SI* equalization of the components of main waves (namely, waves having 

O highest levels) . The preceding waves are reached to this FF 

fy filter 9 earlier than the main waves. On the other hand, the 

~" FB filter 10 may contribute the equalization of the components 

15 of the delayed waves rather than the equalization of the components 
nS of main waves (namely, waves having highest levels) . The delayed 

~ waves are reached to this FB filter 10 later than the main waves. 

Fig. 2 represents an example of a burst structure of a reception 
signal entered into the waveform equalizer. In this drawing, 
20 symbols "Ta", "Tb", and "Tc" show reception time instants, 

respectively; section Ta to Tb indicates the known reference 
signal; and a section Tb to Tc represents random data. Fig. 
6 represents an example of reception power of incoming waves 
(arrival waves) corresponding to the reception burst of Fig. 
25 2, namely shows such a condition that there is substantially 
no variation in a transfer path. Fig. 16 represents a predicted 
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impulse response of a transfer path, which is predicted by employing 
the reference signal of the section Ta to Tb of Fig. 6. Fig. 
17 is a diagram for representing ON/ OFF states of the tap arrangement 
control switch 8. 
5 In general, the following necessary conditions are known 

in this field. To equalize preceding waves within an n-symbol 
time period with respect to main waves, the FF filter 9 necessarily 
requires (n+1) pieces of taps. Also, to equalize delayed waves 
within an n-symbol time period, the FB filter 10 necessarily 
% 10 requires (n) pieces of taps. 

5 ^ Now, considering such a case that the equalization is carried 

r=f out with respect to the incoming waves as shown in Fig. 6, in 

ttj the predicted impulse response of Fig. 16, since the components 

s of the preceding waves which are temporally advanced to the main 

fU 15 waves are present within 1 symbol time period, the taps of the 
ypj FF filter may be sufficiently selected to be (1+1=) 2 taps. 

q Also, since all of the components of the delay waves which are 

temporally delayed from the main waves are present within 3-symbol 
time period, it may be seen that the taps of the FB filter may 
20 be sufficiently selected to be 3 taps. 

As previously described, the respective taps (F0 to F4 and 
Bl to B4) of the tap arrangement control switch 8 are set to 
ON/OFF states as indicated in Fig . 17, and thus, the tap arrangement 
of the waveform equalizer can be optimally formed with respect 
25 to the predicted impulse response of Fig. 16. 

After the respective taps are set by the tap arrangement 
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control switch 8, the reception signal SI is sequentially stored 
in the respective delay elements 2 provided on the side of the 
FFfilter9, and then, the weighting operationby the tap coefficient 
of the weighting device 3 is carried out only for such a tap 
output that the respective taps of the tap arrangement control 
switch 8 are turned ON. As a result, the weighted outputs are 
entered to the adder 4. Furthermore, the output of the adder 
4 is entered to the discriminator 5, and then, the symbol of 
this input signal is judged, so that the equalization output 
S2 is obtained. At the same time, this equalization output S2 
is sequentially stored into the respective delay elements 7 
provided on the side of the FB filter 10, and then, the weighting 
operation by the tap coefficient of the weighting device 3 is 
carried out only for such a tap output that the respective taps 
of the tap arrangement control switch 8 are turned ON. As a 
result, the weighted outputs are entered to the adder 4. 

While the above-described equalization operation is carried 
out, the respective tap coefficients of the weighting device 
3 are sequentially updated in such a manner that the errors produced 
between the signal input to the discriminator 5 and the symbol 
output equal to the judgment results of the discriminator 5 can 
be minimized. 

The conventional waveform equalizer is operated in the 
above-described manner. That is, while the tap arrangement is 
controlled by the tap arrangement control switch 8, the signal 
equalization operation is carried out by the optimally-set tap 




arrangement having the necessary number of taps. This signal 
equalization operation may constitute the best equalizing method 
in such a case that the variation of the transfer path may be 
substantially neglected as shown in Fig. 6. 
5 However, the optimum tap arrangement is determined based 

upon the predicted impulse response of the transfer path, which 
is predicted by utilizing the reference signal and the like of 
Fig. 2. As a consequence, in such a case that the variation 
of the transfer path is strongly emphasized due to the fading 
□ 10 phenomenon, for instance, there are many possibilities that such 
sj an optimum tap arrangement is no longer maintained as to the 

p rear half data portion of the data shown in Fig. 2. In this 

m case, the equalizationperf ormance of the equalizer is considerably 

I" deteriorated. 

Ui 15 Also, in the, case that the transfer path is strongly varied, 

'ri since such a time period that a ratio of carrier wave power to 

y noise (will be referred to as a "CNR" hereinafter) becomes small 

is shortened, possibility is increased under which a single 
reception burst contains portions where CNR becomes small. As 
20 a consequence, such possibility that the CNR of the reference 
signal portion of Fig. 2 becomes small would be increased, and 
also, when the CNR becomes small, the errors contained in the 
predicted value of the impulse response of the transfer path 
are increased. This fact may impede the determination of the 
25 optimum tap arrangement, resulting in a problem. 

Also, in such a case that the levels of the impulse response 
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of the transfer path compete with each other among the incoming 
waves, and therefore, any one of these incoming waves can be 
hardly selected as the main wave, if such an incoming wave which 
does not constituted an optimum wave is selected as the main 
wave, then the equalization is carried out by employing such 
a not-optimally-selected tap arrangement. As a result, there 
is another problem that the equalization performance would be 
deteriorated. 

SUMMARY OF THE INVENT I ON 
The present invention has been made to solve the 
above-described problems, and therefore, has an obj ect to provide 
a waveform equalizer capable of achieving better equalization 
performance even when a variation of a transfer path within a 
reception burst is strongly produced, and also to provide a mobile 
station wireless apparatus, a base station wireless apparatus, 
and a mobile communication system, which employ this waveform 
equalizer . 

To achieve the above-described object, first aspect of the 
present invention is featured by that in a waveform equalizer 
equipped with an equalizing filter unit constructed by a delay 
circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; and tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; the waveform equalizer is comprised of: a tap coefficient 
monitoring unit for monitoring a tap coefficient of the equalizing 
filter unit, and for changing the tap arrangement of the equalizing 



filter unit so as to restart a starting step of equalizing steps 
for equalizing a reception signal, depending upon a change state 
of the tap coefficient used while the reception signal is equalized. 

With employment of the above-described arrangement, since 
the equalization of the reception signal is restarted from the 
starting step in such a case that the equalization cannot be 
carried out under the initially set tap arrangement, the 
equalization performance can be improved by changing such a 
condition that the initially set tap arrangement becomes improper . 

Also, second aspect of the present invention is featured 
by that in a waveform equalizer equipped with an equalizing filter 
unit constructed by a delay circuit having a tap; a discriminator 
for decoding an output signal of the equalizing filter unit; 
and tap arrangement control means for controlling a tap arrangement 
of the equalizing filter unit; the waveform equalizer is comprised 
of: a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit, and for changing the 
tap arrangement of the equalizing filter unit so as to restart 
reception signal equalizing steps from a preselected step prior 
to the present step thereof while the reception signal is equalized, 
depending upon a change state of the tap coefficient during the 
equalization of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 



reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. As a consequence, the 
5 equalization performance realized when the variation of the 
transfer path is strongly produced can be improved. Also, the 
calculation amount can be reduced, the power consumption can 
be reduced, and further, the apparatus can be made compact. 

Also, third aspect of the present invention is featured 
'=* 10 by that in a waveform equalizer equipped with an equalizing filter 
y unit constructed by a delay circuit having a tap; a discriminator 

O for decoding an output signal of the equalizing filter unit; 

(B and tap arrangement control means for controlling a tap arrangement 

B of the equalizing filter unit; the waveform equalizer is comprised 

15 of: a tap coefficient monitoring unit for monitoring a tap 

coefficient of the equalizing filter unit, and for changing the 
tap arrangement of the equalizing filter unit so as to restart 
reception signal equalizing steps from a preselected step prior 
to the present step thereof while the reception signal is equalized, 
20 depending upon a change state of the tap coefficient during the 
equalization of the reception signal; and further so as to 
repeatedly per form the operation, depending upon a change condition 
of the tap coefficient while restarting the equalization of the 
reception signal. 
25 With employment of the above-described arrangement, in such 

a case that the equalization cannot be carried out under the 
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initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
5 equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. Also, both the detection 
as to whether or not the equalization can be carried out and 
the restarting operation of the equalization are repeatedly 
performed. As a consequence, the equalization performance 
10 realized when the variation of the transfer path is strongly 
produced can be improved. 

Also, fourth aspect of the present invention is featured 
by that the tap coefficient monitoring unit monitors only a specific 
tap, and when a sharp change in a tap coefficient of the specific 
15 tap is detected, the tap coefficient monitoring unit instructs 
that the tap arrangement of the equalizing filter unit is changed 
so as to restart the equalization of the reception signal. 

In accordance with this arrangement, when the equalization 
cannot be carried out with employment of the set tap arrangement, 
20 there is such a nature that only the tap coefficient of the specific 
tap is sharply, or steeply changed, whereas since such a detection 
is- made that the equalization cannot be carried out under the 
tap arrangement set by using this nature, the judgment of restarting 
the equalization can be made in high precision and with very 
25 simple calculations. Also, the equalization performance can 
be improved . 
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Also, fifth aspect of the present invention is featured 
by that the tapcoef f icient monitoring unit monitors only a specific 
tap, and when dispersion of a change amount of the tap coefficient 
exceeds a certain threshold value, the tap coefficient monitoring 
5 unit instructs that the tap arrangement of the equalizing filter 
unit is changed so as to restart the equalization of the reception 
signal . 

In accordance with this arrangement, when the equalization 
cannot be carried out with employment of the set tap arrangement, 
10 there is such a nature that the tap coefficients of the plural 
taps are sharply, or steeply changed, whereas since such a detection 
is made that the equalization cannot be carried out under the 
tap arrangement set by using this nature, the judgment of restarting 
the equalization can be made in high precision and with very 
ni 15 simple calculations. Also, the equalization performance can 
3=j be improved. 

~? Also, sixth aspect of the present invention is featured 

by that the tap arrangement control means for controlling the 
tap arrangement is further comprised of: an impulse response 

20 predicting device for predicting an impulse response of a transfer 
path; and the tap arrangement control means changes the tap 
arrangement of the equalizing filter unit in such a manner that 
the tap arrangement becomes suitable for the next impulse having 
a large pulse component in response to an impulse response predicted 

25 by a reference signal. 

In accordance with this arrangement, the initially set tap 

- 10 - 



s 



arrangement is determined in such a manner that the incoming 
wave having the highest level component at the time instant when 
the reference signal is received is recognized as the main wave. 
In the case that the relationship among the levels of the respective 
5 incoming waves is changed due to the variation in the transfer 
path while the equalization is carried out, there is such a nature 
that the component of the incoming wave which may constituted 
the main wave at this time corresponds to the component of the 
incoming wave having the second highest level selected from the 

10 incoming waves when the reference signal is received. This 

probability is high. Since the tap arrangement is changed by 
using this nature while using the incoming wave having the second 
high-leveled component as the main wave, the tap arrangement 
can be changed without substantially increasing the calculation 

1 5 amount . 

Also, seventh aspect of the present invention is. featured 
by that the tap arrangement control means for controlling the 
tap arrangement is further comprised of: an impulse response 
predicting device for predicting an impulse response of a transfer 

20 path; and the tap arrangement control means changes the tap 

arrangement of the equalizing filter unit in such a manner that 
the tap arrangement becomes optimum with respect to an impulse 
response predicted by both the equalized output of the 
discriminator and a condition of the reception signal. 

25 As a consequence, the impulse response of the transmission 

path is predicted, while using as the reference signal the equalized 



output of the section slightly before such a time instant when 
the detection is made of such a fact that the equalization cannot 
be carried out by using the set tap arrangement. Furthermore, 
the tap arrangement is changedby employing this prediction result . 
Accordingly, the tap arrangement can be more correctly changed, 
and furthermore, the equalization performance can be improved. 

Also, eighth aspect of the present invention is featured 
by that in a mobile station wireless apparatus equipped with 
a waveform equalizer capable of removing an adverse influence 
caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 
circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; and a tap coefficient monitoring unit for monitoring a 
tap coefficient of the equalizing filter unit; wherein: the tap 
arrangement of the equalizing filter unit is changed so as to 
restart a starting step of equalizing steps for equalizing a 
reception signal, depending upon a change state of the tap 
coefficient used while the reception signal is equalized. 

With employment of the above-described arrangement, since 
the equalization of the reception signal is restarted from the 
starting step in such a case that the equalization cannot be 
carried out under the initially set tap arrangement, the 
equalization performance can be improved by changing such a tap 
arrangement even when the initially set tap arrangement becomes 



improper . As a consequence, even when the mobile station wireless 
apparatus is used in the large zone type mobile communication 
system and in the mobile communication system with the high transfer 
speed under such a circumstance that the frequency selective 
5 fading cannot be neglected, the reception performance can be 
brought into better performance. 

Also, ninth aspect of the present invention is featured 
by that in a mobile station wireless apparatus equipped with 
a waveform equalizer capable of removing an adverse influence 
C3 10 caused by frequency selective fading, the waveform equalizer 
SI is comprised of: an equalizing filter unit constructed by a delay 

p circuit having a tap; a discriminator for decoding an output 

m signal of the equalizing filter unit; tap arrangement control 

~~ means for controlling a tap arrangement of the equalizing filter 

^ 15 unit; and a tap coefficient monitoring unit for monitoring a 
h: tap coefficient of the equalizing filter unit; wherein: the tap 

y arrangement of the equalizing filter unit is changed so as to 

restart reception signal equalizing steps from a preselected 
step prior to the present step thereof while the reception signal 
20 is equalized, depending upon a change state of the tap coefficient 
during the equalization of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
25 path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
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returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. As a consequence, the 
equalization performance realized when the variation of the 
transfer path is strongly produced can be improved. As a 
consequence, even when the mobile station wireless apparatus 
is used in the large zone type mobile communication system and 
in the mobile communication system with the high transfer speed 
under such a circumstance that the frequency selective fading 
cannot be neglected, the reception performance can be brought 
into better performance. 

Also, tenth aspect of the present invention is featured 
by that in a mobile station wireless apparatus equipped with 
a waveform equalizer capable of removing an adverse influence 
caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 
circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; and a tap coefficient monitoring unit for monitoring a 
tap coefficient of the equalizing filter unit; wherein: the tap 
arrangement of the equalizing filter unit is changed so as to 
restart reception signal equalizing steps from a preselected 
step prior to the present step thereof while the reception signal 
is equalized, depending upon a change state of the tap coefficient 
during the equalization of the reception signal; and further 
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so as to repeatedly perform the operation, depending upon a change 
condition of the tap coefficient while restarting the equalization 
of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. Also, both the detection 
as to whether or not the equalization can be carried out and 
the restarting operation of the equalization are repeatedly 
performed. As a consequence, the equalization performance 
15 realized when the variation of the transfer path is strongly 
produced can be improved. As a consequence, even when the mobile 
station wireless apparatus is used in the large zone type mobile 
communication system and in the mobile communication system with 
the high transfer speed under such a circumstance that the frequency 
20 selective fading cannot be neglected, the reception performance 
can be brought into better performance. 

Also, eleventh aspect of the present invention is featured 
by that in a mobile station wireless apparatus equipped with 
a waveform equalizer capable of removing an adverse influence 
25 caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 
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circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; a tap coefficient monitoring unit for monitoring a tap 
5 coefficient of the equalizing filter unit; and means for detecting 
a moving speed of the mobile station wireless apparatus; wherein: 
when the moving speed is higher than a preselected threshold 
value, the tap arrangement of the equalizing filter unit is changed 
so as to restart a starting step of equalizing steps for equalizing 
y 10 a reception signal, depending upon a change state of the tap 
coefficient used while the reception signal is equalized. 

With employment of the above-described arrangement, since 
the equalization of the reception signal is restarted from the 
starting step in such a case that the equalization cannot be 
15 carried out under the initially set tap arrangement, the 

equalization performance can be improved by changing such a tap 
arrangement even when the initially set tap arrangement becomes 
improper . As a consequence, even when the mobile station wireless 
apparatus is used in the large zone type mobile communication 
20 system and in themobile communication systemwith the high transfer 
speed under such a circumstance that the frequency selective 
fading cannot be neglected, the reception performance can be 
brought into better performance. Furthermore, when the moving 
speed of the mobile station wireless apparatus is delayed, since 
25 the variation of the transfer path is small, there is substantially 
no need to restart the equalization by changing the tap arrangement . 
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While using this fact, the operation of the tap coefficient 
monitoring unit is stopped. As a result, even when the variation 
of the transfer path is small, the equalization performance can 
be improved, and also the low power consumption can be achieved. 

Also, twelfth aspect of the present invention is featured 
by that in a mobile station wireless apparatus equipped with 
a waveform equalizer capable of removing an adverse influence 
caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 
circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; and means for detecting 
a moving speed of the mobile station wireless apparatus; wherein: 
when the moving speed is higher than a preselected threshold 
value, the tap arrangement of the equalizing filter unit is changed 
so as to restart reception signal equalizing steps from a 
preselected step prior to the present step thereof while the 
reception signal is equalized, depending upon a change state 
of the tap coefficient during the equalization of the reception 
signal . 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 



reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. As a consequence, the 
equalization performance realized when the variation of the 
transfer path is strongly produced can be improved. Furthermore, 
when the moving speed of the mobile station wireless apparatus 
is slow, since the variation of the transfer path is decreased, 
the operation of the tap coefficient monitoring unit is stopped. 
As a result, the equalization performance achieved in the case 
that the variation of the trans fer path is decreased can be improved, 
and also the low power consumption can be realized. 

Also, thirteenth aspect of the present invention is featured 
by that in a mobile station wireless apparatus equipped with 
a waveform equalizer capable of removing an adverse influence 
caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 
circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; and means for detecting 
a moving speed of the mobile station wireless apparatus; wherein: 
when the moving speed is higher than a preselected threshold 
value, the tap arrangement of the equalizing filter unit is changed 
so as to restart reception signal equalizing steps from a 



preselected step prior to the present step thereof while the 
reception signal is equalized, depending upon a change state 
of the tap coefficient during the equalization of the reception 
signal; and further so as to repeatedly perform the operation, 
5 depending upon a change condition of the tap coefficient while 
restarting the equalization of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
O 10 path, after the structure of the equalizer suitable for the 
SI reception signal when being sensed has been changed without 

t s 

3 S 5 

p returning to the beginning of the reception signal, the 

m equalization is restarted from a preselected equalizing step 

^ prior to the present equalizing step. Also, both the detection 

15 as to whether or not the equalization can be carried out and 
the restarting operation of the equalization are repeatedly 
O performed. As a consequence, the equalization performance 

realized when the variation of the transfer path is strongly 
produced can be improved. Furthermore, when the moving speed 
20 of the mobile station wireless apparatus is slow, since the 

variation of the transfer path is decreased, the operation of 
the tap coefficient monitoring unit is stopped. As a result, 
the equalization performance achieved in the case that the 
variation of the transfer path is decreased can be improved, 
25 and also the low power consumption can be realized. 

Also, fourteenth aspect of the present invention is featured 
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by that in a base station wireless apparatus equipped with a 
waveform equalizer capable of removing an adverse influence caused 
by frequency selective fading, the waveform equalizer is comprised 
of: an equalizing filter unit constructed by a delay circuit 
having a tap; a discriminator for decoding an output signal of 
the equalizing filter unit; tap arrangement control means for 
controlling a tap arrangement of the equalizing filter unit; 
and a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; wherein: the tap 
arrangement of the equalizing filter unit is changed so as to 
restart a starting step of equalizing steps for equalizing a 
reception signal, depending upon a change state of the tap 
coefficient used while the reception signal is equalized. 

With employment of the above-described arrangement, since 
the equalization of the reception signal is restarted from the 
starting step in such a case that the equalization cannot be 
carried out under the initially set tap arrangement, the 
equalization performance can be improved by changing such a 
condition that the initially set tap arrangement becomes improper 
due to some reason . As a consequence, even when the mobile station 
wireless apparatus is used in the large zone type mobile 
communication system and in the mobile communication system with 
the high transfer speed under such a circumstance that the frequency 
selective fading cannot be neglected, the reception performance 
can be brought into better performance. 

Also, fifteenth aspect of the present invention is featured 



by that in a base station wireless apparatus equipped with a 
waveform equalizer capable of removing an adverse influence caused 
by frequency selective fading, the waveform equalizer is comprised 
of: an equalizing filter unit constructed by a delay circuit 
having a tap; a discriminator for decoding an output signal of 
the equalizing filter unit; tap arrangement control means for 
controlling a tap arrangement of the equalizing filter unit; 
and a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; wherein: the tap 
arrangement of the equalizing filter unit is changed so as to 
restart reception signal equalizing steps from a preselected 
step prior to the present step thereof while the reception signal 
is equalized, depending upon a change state of the tap coefficient 
during the equalization of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot -be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. As a consequence, the 
equalization performance realized when the variation of the 
transfer path is strongly produced can be improved. As a 
consequence, even when the mobile station wireless apparatus 
is used in the large zone type mobile communication system and 



in the mobile communication system with the high transfer speed 
under such a circumstance that the frequency selective fading 
cannot be neglected, the reception performance can be brought 
into better performance. 

Also, sixteenth aspect of the present invention, as recited 
in Claim 16 is featured by that in a base station wireless apparatus 
equipped with a waveform equalizer capable of removing an adverse 
influence caused by frequency selective fading, the waveform 
equalizer is comprised of: an equalizing filter unit constructed 
by a delay circuit having a tap; a discriminator for decoding 
an output signal of the equalizing filter unit; tap arrangement 
control means for controlling a tap arrangement of the equalizing 
filter unit; and a tap coefficient monitoring unit for monitoring 
a tap coefficient of the equalizing filter unit; wherein: the 
tap arrangement of the equalizing filter unit is changed so as 
to restart reception signal equalizing steps from a preselected 
step prior to the present step thereof while the reception signal 
is equalized, depending upon a change state of the tap coefficient 
during the equalization of the reception signal; and further 
so as to repeatedly perform the operation, depending upon a change 
condition of the tap coefficient while restarting the equalization 
of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
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reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. Also, both the detection 
as to whether or not the equalization can be carried out and 
the restarting operation of the equalization are repeatedly 
performed. As a result, the equalization performance realized 
when the variation of the transfer path is strongly produced 
can be improved. As a consequence, even when the mobile station 
wireless apparatus is used in the large zone type mobile 
communication system and in the mobile communication system with 
the high transfer speedunder such a circumstance that the frequency 
selective fading cannot be neglected, the reception performance 
can be brought into better performance. 
15 Also, seventeenth aspect of the present invention is featured 

by that in a mobile communication system having a base station 
and a mobile station, in which at least one of the base station 
and the mobile station is equipped with a waveform equalizer 
capable of removing an adverse influence caused by frequency 
20 selective fading, the waveform equalizer is comprised of: an 
equalizing filter unit constructed by a delay circuit having 
a tap; a discriminator for decoding an output signal of the 
equalizing filter unit; tap arrangement control means for 
controlling a tap arrangement of the equalizing filter unit; 
25 and a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; wherein: the tap 
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arrangement of the equalizing filter unit is changed so as to 
restart a starting step of equalizing steps for equalizing a 
reception signal, depending upon a change state of the tap 
coefficient used while the reception signal is equalized. 

With employment of the above-described arrangement, since 
the equalization of the reception signal is restarted from the 
starting step in such a case that the equalization cannot be 
carried out under the initially set tap arrangement, the 
equalization performance can be improved by changing such a tap 
arrangement even when the initially set tap arrangement is not 
optimum. As a consequence, the mobile communication system having 
high quality can be constituted without being adversely influenced 
by the frequency selective fading. 

Also, eighteenth aspect of the present invention is featured 
by that in a mobile communication system having a base station 
and a mobile station, in which at least one of the base station 
and the mobile station is equipped with a waveform equalizer 
capable of removing an adverse influence caused by frequency 
selective fading, the waveform equalizer is comprised of: an 
equalizing filter unit constructed by a delay circuit having 
a tap; a discriminator for decoding an output signal of the 
equalizing filter unit; tap arrangement control means for 
controlling a tap arrangement of the equalizing filter unit; 
and a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; wherein: the tap 
arrangement of the equalizing filter unit is changed so as to 



restart reception signal equalizing steps from a preselected 
step prior to the present step thereof while the reception signal 
is equalized, depending upon a change state of the tap coefficient 
during the equalization of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. As a consequence, the 
equalization performance realized when the variation of the 
transfer path is strongly produced can be improved. As a 
consequence, the mobile communication system having high quality 
can be constituted without being adversely influenced by the 
frequency selective fading. 

Also, nineteenth aspect of the present invention is featured 
by that in a mobile communication system having a base station 
•and a mobile station, in which at least one of the base station 
and the mobile station is equipped with a waveform equalizer 
capable of removing an adverse influence caused by frequency 
selective fading, the waveform equalizer is comprised of: an 
equalizing filter unit constructed by a delay circuit having 
a tap; a discriminator for decoding an output signal of the 
equalizing filter unit; tap arrangement control means for 



controlling a tap arrangement of the equalizing filter unit; 
and a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; wherein: the tap 
arrangement of the equalizing filter unit is changed so as to 
restart reception signal equalizing steps from a preselected 
step prior to the present step thereof while the reception signal 
is equalized, depending upon a change state of the tap coefficient 
during the equalization of the reception signal; and further 
so as to repeatedly perform the operation, depending upon a change 
condition of the tap coefficient while restarting the equalization 
of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception . signal , the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. Also, both the detection 
as to whether or not the equalization can be carried out and 
the restarting operation of the equalization are repeatedly 
performed. As a result, the equalization performance realized 
when the variation of the transfer path is strongly produced 
can be improved. As a consequence, the mobile communication 
system having high quality can be constituted without being 
adversely influenced by the frequency selective fading. 



Also, twentieth aspect of the present invention is featured 
by that in a mobile communication system having a base station 
and a mobile station, in which the mobile station is equipped 
with a waveform equalizer capable of removing an adverse influence 
5 caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 
circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
O 10 unit; a tap coefficient monitoring unit for monitoring a tap 
SJ coefficient of the equalizing filter unit; and means for detecting 

a - s 

p a moving speed of the mobile station wireless apparatus; wherein: 

fn when the moving speed is higher than a preselected threshold 

~ value, the tap arrangement of the equalizing filter unit is changed 

fTJ 15 so as to restart a starting step of equalizing steps for equalizing 
hi a reception signal, depending upon a change state of the tap 

y coefficient used while the reception signal is equalized. 

With employment of the above-described arrangement, since 
the equalization of the reception signal is restarted from the 
20 starting step in such a case that the equalization cannot be 
carried out under the initially set tap arrangement, the 
equalization performance can be improved by changing such a tap 
arrangement even when the initially set tap arrangement is not 
optimum. Furthermore, when the moving speed of the mobile station 
25 wireless apparatus is slow, since the variation of the transfer 
path is small, there is substantially no need to restart the 



equalization by changing the tap arrangement. While using this 
fact, the operation of the tap coefficient monitoring unit is 
stopped. As a result, even when the variation of the transfer 
path is small, the equalization performance can be improved, 
5 andalso the lowpower consumption canbe achieved. As a consequence, 
the mobile communication system having high quality can be 
constituted without being adversely influenced by the frequency 
selective fading. 

Also, twenty-first aspect of the present invention is featured 

10 by that in a mobile communication system having a base station 
and a mobile station, in which the mobile station is equipped 
with a waveform equalizer capable of removing an adverse influence 
caused by frequency selective fading, the waveform equalizer 
is comprised of: an equalizing filter unit constructed by a delay 

15 circuit having a tap; a discriminator for decoding an output 
signal of the equalizing filter unit; tap arrangement control 
means for controlling a tap arrangement of the equalizing filter 
unit; a tap coefficient monitoring unit for monitoring a tap 
coefficient of the equalizing filter unit; and means for detecting 

20 a moving speed of the mobile station wireless apparatus; wherein: 
when the moving speed is higher than a preselected threshold 
value, the tap arrangement of the equalizing filter unit is changed 
so as to restart reception signal equalizing steps from a 
preselected step prior to the present step thereof while the 

25 reception signal is equalized, depending upon a change state 
of the tap coefficient during the equalization of the reception 
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signal . 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. As a consequence, the 
equalization performance realized when the variation of the 
transfer path is strongly produced can be improved. Furthermore, 
when the moving speed of the mobile station wireless apparatus 
is slow, since the variation of the transfer path is decreased, 
the operation of the tap coefficient monitoring unit is stopped. 
As a result, the equalization performance achieved in .the case 
that the variationof the transfer path is decreased can be improved, 
and also the low power consumption can be realized . As a consequence, 
the mobile communication system having high quality can be 
constituted without being adversely influenced by the frequency 
selective fading. 

Also, twenty-second aspect of the present invention is 
featured by that in a mobile communication system having a base 
station and a mobile station, in which the mobile station is 
equipped with a waveform equalizer capable of removing an adverse 
influence caused by frequency selective fading, the waveform 
equalizer is comprised of: an equalizing filter unit constructed 



by a delay circuit having a tap; a discriminator for decoding 
an output signal of the equalizing filter unit; tap arrangement 
control means for controlling a tap arrangement of the equalizing 
filter unit; a tap coefficient monitoring unit for monitoring 
a tap coefficient of the equalizing filter unit; and means for 
detecting a moving speed of the mobile station wireless apparatus; 
wherein: when the moving speed is higher than a preselected 
threshold value, the tap arrangement of the equalizing filter 
unit is changed so as to restart reception signal equalizing 
steps from a preselected step prior to the present step thereof 
while the reception signal is equalized, depending upon a change 
state of the tap coefficient during the equalization of the 
reception signal; and further so as to repeatedly perform the 
operation, depending upon a change condition of the tap coefficient 
while restarting the equalization of the reception signal. 

With employment of the above-described arrangement, in such 
a case that the equalization cannot be carried out under the 
initially set tap arrangement due to the variation of the transfer 
path, after the structure of the equalizer suitable for the 
reception signal when being sensed has been changed without 
returning to the beginning of the reception signal, the 
equalization is restarted from a preselected equalizing step 
prior to the present equalizing step. Also, both the detection 
as to whether or not the equalization can be carried out and 
the restarting operation of the equalization are repeatedly 
performed. As a result, the equalization performance realized 



when the variation of the transfer path is strongly produced 
can be improved. Furthermore, when the moving speed of the mobile 
station wireless apparatus is delayed, since the variation of 
the transfer path is small, there is substantially no need to 
restart the equalization by changing the tap arrangement. While 
using this fact, the operation of the tap coefficient monitoring 
unit is stopped. As a result, even when the variation of the 
transfer path is small, the equalization performance can be 
improved, and also the low power consumption can be achieved. 
As a consequence, the mobile communication system having high 
quality can be constituted without being adversely influenced 
by the frequency selective fading. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram for showing an arrangement of 
a waveform equalizer of the present invention. 

Fig. 2 is a diagram for indicating an example of a burst 
structure of a reception signal which constitutes an input of 
the waveform equalizer. 

Fig. 3 is a diagram for showing an example 1 of reception 
power of incoming waves corresponding to the reception burst 
of Fig. 2. 

Fig. 4 is a diagram for indicating a predicted impulse response 
of a transfer path, which is predicted by using a reference signal 
of a section Ta to Tb of Fig. 3. 

Fig. 5 is a diagram for indicating ON/OFF states of the 
respective taps of the tap arrangement control switch. 
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Fig. 6 is a diagram for showing an example 2 of reception 
power of incoming waves corresponding to the reception burst 
of Fig. 2. 

Fig. 7 is a diagram for representing a content of a tap 
5 coefficient sensed by a tap coefficient monitoring unit with 
respect to the reception power example 2 of the incoming waves 
of Fig. 6. 

Fig. 8 is a diagram for representing a content of a tap 
coefficient sensed by a tap coefficient monitoring unit with 
10 respect to the reception power example 1 of the incoming waves 
of Fig . 3 . 

Fig. 9 is a diagram for showing another analysis method 
of the predicted impulse response of the transfer path of Fig. 
4 . 

15 Fig. 10 is a diagram for indicating a predicted impulse 

response of a transfer path, which is predicted by employing 
an equalization output of a section Taa to Tbb of Fig. 3. 

Fig. 11 is a diagram for showing an example 3 of reception 
power of incoming waves corresponding to the reception burst 
20 of Fig. 2. 

Fig. 12 is a diagram for indicating a predicted impulse 
response of a transfer path, which is predicted by employing 
a reference signal of a section Ta to Tb of Fig. 11. 

Fig. 13 is a diagram for showing another analysis method 
25 of the predicted impulse response of the transfer path of Fig. 
12 . 
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Fig. 14 is a diagram for indicating a predicted impulse 
response of a transfer path, which is predicted by employing 
an equalization output of a section Taa to Tbb of Fig. 11. 

Fig. 15 is a block diagram for showing the arrangement of 
5 the conventional waveform equalizer. 

Fig. 16 is a diagram for indicating a predicted impulse 
response of a transfer path, which is predicted by employing 
a reference signal of a section Ta to Tb of Fig. 6. 

Fig. 17 is a diagram for indicating ON/ OFF states of the 
P 10 respective taps of the tap arrangement control switch. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 is a block diagram for showing an arrangement of 
a waveform equalizer which constitutes a major portion of the 
present invention . 
15 This waveform equalizer is provided with an FF filter 9, 

an FB filter 10, a tap coefficient monitoring unit 11, an impulse 
response predictor 12, an adder 4, and a discriminator 5. The 
FF filter 9 contains a plurality of cascade-connected delay 
elements 2, and enters thereinto a reception signal SI. The 
20 respective delay elements 2 are connected via a tap arrangement 
control switch 8 to a weighting device 3. The output of this 
weighting device 3 is inputted to the adder 4. The output of 
the adder 4 is entered to the discriminator 5,' and then the output 
of the discriminator 5 constitutes an equalization output S2 . 
25 This equalization output S2 is inputted into a plurality of 
delay elements 7 of the FB filter 10. On the other hand, the 
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FB filter 10 contains a plurality of cascade-connected delay 
elements 7. The respective delay elements 7 are connected via 
the tap arrangement control switch 8 to the weighting device 
3. The output of this weighting device 3 is inputted to the 
5 adder 4 . 

The tap arrangements (F0 to F4, Bl to B4) of these equalizing 
filter units are controlled by the tap arrangement control switch 
8 . The FF filter 9 may contribute the equalization of the components 
of the preceding waves which are reached to this FF filter 9 

10 earlier than the components of the main waves. The FB filter 
10 may contribute the equalization of the components of the delayed 
waves which are reachedto this FB filter i0 later than the components 
of the main waves. 

The tapcoef f icient monitoring unit llmonitors the respective 

15 tap coefficients of the weighting device 3. The impulse response 
predictor 12 predicts an impulse response of a transfer path 
based upon the reception signal SI and the equalization output 
S2 . 

[EMBODIMENT 1] 

20 A description will now be made of a first embodiment of 

the present invention. In this description of the first embodiment, 
Fig. 1 to Fig. 10 are employed. Fig. 2 indicates an example 
of a burst structure of the reception signal which is inputted 
into the waveform equalizer. Symbols "Ta", "Tb", and "Tc" show 

25 reception time instants, respectively. A section "Ta" to "Tb" 
indicates the known reference signal, and a section "Tb" to "Tc" 
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represents random data . Fig. 3 is a diagram for showing an example 
1 of reception power of an incoming wave corresponding to the 
reception burst shown in Fig . 2, in which an equalization operation 
with respect to such an incoming wave is considered. Fig. 4 
is a diagram for representing a predicted impulse response of 
a transfer path, which is predicted by employing the reference 
signal of the section "Ta" to "Tb" . In Fig. 4, since a component 
of a preceding wave which is temporally advanced with respect 
to a main wave is present within 1 symbol time, a total tap number 
of the FF filter 9 may be sufficiently 2 taps ( = 1 + 1) . Also, 
since all of components of delayed waves which are temporally 
delayed with respect to the main wave, a total tap number of 
the FB filter 10 may be sufficiently 3 taps. 

Fig. 5 is a diagram for indicating ON/OFF states of the 
respective taps (F0 to F4, Bl to B4) of the tap arrangement control 
switch 8. As previously explained, if the taps of the tap 
arrangement control switch 8 are set to such ON/ OFF states as 
indicated in Fig. 5(A), then it is possible to form an optimum 
tap arrangement of the waveform equalizer with respect to the 
predicted impulse response shown in Fig. 4. 

After the respective taps are set by the tap arrangement 
control switch 8, the reception signal SI is sequentially stored 
in the respective delay elements 2 provided on the side of the 
FF filter 9, and then, the weighting operation by the tap 
coefficient of the weighting device 3 is carried out only for 
such a tap output that the respective taps of the tap arrangement 
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control switch 8 are turned ON. As a result, the weighted outputs 
are entered to the adder 4 . Furthermore, the output of the adder 
4 is entered to the discriminator 5, and then, the symbol of 
this input signal is judged, so that the equalization output 
S2 is obtained. At the same time, this equalization output S2 
is sequentially stored into the respective delay elements 7 
provided on the side of the FB filter 10, and then, the weighting 
operation by the tap coefficient of the weighting device 3 is 
carried out only for such a tap output that the respective taps 
of the tap arrangement control switch 8 are turned ON. As a 
result, the weighted outputs are entered to the adder 4. While 
the above-described equalization operation is carried out, the 
respective tap coefficients of the weighting device 3 are 
sequentially updated in such a manner that the errors produced 
15 between the signal input to the discriminator 5 and the symbol 
output equal to the judgment results of the discriminator 5 can 
be minimized. 

Then, as to the respective tap coefficients of this weighting 
device 3, both the power and the change conditions thereof are 

20 continuously monitored by the tap coefficient monitoring unit 
11. Then, when it is so judged that the equalization operation 
of the reception signals cannot be furthermore carried out based 
upon the tap coefficient information sensedby this tap coefficient 
monitoring unit 11, the tap arrangement control switch 8 is changed, 

25 and the equalization operation is restarted from the beginning 
signal portion of the reception signal. 
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In this case, a relationship is considered between tap 
coefficient information of the weighting device 3 sensed by the 
tap coefficient monitoring unit 11 and equalization performance 
of the equalizer. Fig. 6 is a diagram for showing an example 
2 of reception power of an incoming wave corresponding to the 
reception burst of Fig. 2. It is now assumed that the reception 
power of the incoming wave corresponding to the reception burst 
of Fig. 2 is brought into such a condition that the variation 
of the transfer path is substantially negligible. Fig. 7 is 
a diagram for indicating a content of a tap coefficient sensed 
by the tap coefficient monitoring unit 11 with respect to the 
example 2 of the reception power of the incoming wave shown in 
Fig. 6. At this time, in the tap coefficient monitoring unit 
11, power of the respective tap coefficients of the weighting 
device 3 is sensed as represented in Fig. 7 with respective of 
the equalizing steps. In Fig. 7, since there is substantially 
no variation in the transfer path, it can be seen such a condition 
that the power of the tap coefficient is smoothly converged with 
respect to a certain constant value . In such a case, the equalizer 
can be operated under normal condition over the entire time of 
the reception burst. 

On the other hand, the following assumption is made. That 
is, while the reception power of the incoming wave corresponding 
to the reception burst of Fig. 2 is indicated in Fig. 3, the 
power of the main wave is gradually decreased due to the variation 
of the transfer path, and the power of the preceding wave is 



reversed with respect to the power of the main wave while the 
reception burst appears. Fig. 8 is a diagram for indicating 
a content of a tap coefficient sensed by the tap coefficient 
monitoring unit 11 with respect to the example 1 of the reception 
power of the incoming wave shown in Fig. 3. At this time, in 
the tap coefficient monitoring unit 11, power of the respective 
tap coefficients of the weighting device 3 is sensed as represented 
in Fig. 8 with respective of the equalizing steps. In Fig. 8, 
it can be seen such a condition that the power of the tap coefficient 
is steeply changed which corresponds to the main wave at a time 
instant "Td." As apparent from Fig. 3, this is because the main 
wave which has contained the maximum level in the predicted impulse 
response (Fig. 4) of the section Ta to Tb is revered with respect 
to the level of the preceding wave in the time ranges before/ after 
this time instant "Td." As a result, the equalization operation 
cannot be carried out by the ON/OFF setting condition of the 
tap arrangement control switch 8 shown in Fig. 5(A). 

In such a case that a tap coefficient of such a specific 
tap is steeply changed, since the impulse response level must 
be reversed, this level reversing phenomenon may be used as a 
chance for restarting the equalization operation. In this case, 
since the tap coefficient monitoring unit 11 may monitor only 
the specific tap, the waveform equalizer can be realized with 
substantially no increase of the calculation amount. 

Also, it can be seen from the comparison between Fig. 7 
and Fig. 8 that dispersion of changing amounts of the power of 



the respective tap coefficients becomes large. Since the 
dispersion of the power changing amounts of the respective tap 
coefficients is especially increased at time instants before/ after 
the time instant "Td" shown in Fig. 8, this dispersion of the 
power changing amount of the tap coefficients may constitute 
a chance for restarting the equalization operation from the 
beginning. In this case, a proper threshold value may be set 
with respect to the dispersion of the power changing amount. 

Next, a description will be made of a decision for a new 
tap arrangement in such a case that the equalization operation 
is restarted from the first signal portion of the reception signal . 
Fig. 9 is a diagram for indicating another analysis condition 
(namely, first analysis method) of a predicted impulse response 
with respect to the transfer path shown in Fig. 4. 

In this first analysis method, the new tap arrangement is 
determined as follows: While a wave having a second highest 
level is recognized as the main wave in the impulse response 
of the transfer path, which is predicted from the reference signal 
of the section Ta to Tb of the reception burst shown in Fig. 
2, the tap coefficient is newly determined. This first analysis 
method is established from the below-mentioned nature. That 
is, there is a large probability that when a level change occurs 
in the relationship among the levels of the respective incoming 
waves due to the variation in the transfer path during the 
equalization operation, such a component of a wave which may 
constitute the main wave at this stage is equal to the second 



highest-leveled component of the incoming wave among the incoming 
waves at the time while the reception signal is received. While 
observing Fig. 4, namely the predicted impulse response of the 
transfer path of the section Ta to Tb shown in Fig. 3, the wave 
5 having the second highest-leveled component is equal to the 
preceding wave. This second highest-leveled component becomes 
the highest-leveled component in a half way (approximately time 
instant "Tb") of the equalization operation (see Fig. 3) . There 
is a strong trend in the actual transfer path. 
10 As a consequence, while the new tap arrangement is determined, 

the predicted impulse response of the transfer path shown in 
Fig. 4 may be. analyzed as represented in Fig. 9, and then, the 
ON/ OFF setting operation of the tap arrangement control switch 

8 may be changed. It should be noted that a main wave, a delayed 
15 wave 1, a delayed wave 2, and a delayed wave 3, shown in Fig. 

9 correspond to the preceding wave, the main wave, the delayed 
wave 1, and the delayed wave 2, respectively, indicated in Fig. 
3 and Fig. 4. Since there is no such a preceding wave component 
which is temporally advanced from the main wave in Fig. 9, it 

20 can be seen that a total tap number of the FF filter 9 may be 
sufficiently selected to be 1 tap (= 0 + 1). Also, since all 
of the delay wave components which are temporally delayed with 
respect to the main wave are present within 4-symbol time, it 
can be seen that a total tap number of the FB filter 10 may be 

25 sufficiently selected to be 4 taps. Fig. 5(B) shows the setting 
content of the tap arrangement control switch 8 used to newly 
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set the tap arrangement in the above-described tap determination 
manner. When the equalization operation is restarted from the 
beginning (time instant "Ta" of Fig. 3) of the reception signal 
by using this newly set tap arrangement, the equalization 
5 performance can be improved. 

Fig . 10 is a diagram for indicating another analysis condition 
(second analysis method) of a predicted impulse response of a 
transfer path, which is predicted by employing the equalization 
output S2 of a section "Taa" to "Tbb" shown in Fig. 3. In this 
D 10 second analysis method, an impulse response of a transfer path 

Hal 

SJ is predicted by using as the reference signal , such an equalization 

Q output of a section which is slightly and temporally advanced 

£2 (lead) from such a detection time instant when the equalization 

™ operation cannot be carried out by using the previously set tap 

15 arrangement, and then, the tap arrangement is determined based 
upon this predicted impulse response . This second analysis method 
is designed so as to determine the tap arrangement in higher 
precision than that of the first analysis method as follows. 
That is, while the equalization output S2 is correct and is assumed 
20 as the reference signal, the impulse response of the transfer 
path at the time when the equalization operation cannot be carried 
out is directly predicted . In other words, the impulse predicting 
device 12 predicts the impulse response of the transfer path 
based upon a correlation between the equalization output S2 in 
25 the section "Taa" to "Tbb" and the reception signal SI in the 
section "Taa" to "Tbb". This section corresponds to a time range 
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which is temporally advanced from the time instant "Td" in Fig. 
3 when it is so judged that the equalizer cannot be operated. 

This predicted impulse response is indicated in Fig. 10, the 
ON /OFF states of the tap arrangement control switch 8 are set 
as indicated in Fig. 5(B), and then, the equalization operation 
is restarted from the beginning (time instant "Ta" of Fig. 3) 
of the reception signal. As a result, the equalizationperformance 
can be improved. It should be noted that a main wave, a delayed 
wave 1, a delayed wave 2, and a delayed wave 3, shown in Fig. 
10 correspond to the preceding wave, the main wave, the delayed 
wave 1, and the delayed wave 2, respectively, indicated in Fig. 
3 and Fig. 4. 

In the above-explained waveform equalizer of the first 
embodiment, when it is so detected that the equalization cannot 
15 be carried out, the equalization operation is restarted from 
thebeginningof the receptionburst . Asaresult, the equalization 
operation can be carried out in higher precision, as compared 
with that of the conventional waveform equalizer. There are 
many possibilities that optimum tap arrangements cannot be 
established when starting tap arrangements are determined under 
the following conditions. That is, a starting tap arrangement 
is determined from an impulse response of a transfer path, which 
is predicted by employing a reference signal whose CNR is small. 
Also, since levels of predicted impulse response among incoming 
25 waves compete with each other, any one of these competing incoming 
waves can be hardly determined as the main wave. However, the 
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waveform equalizer according to this embodiment can especially 
achieve the great merit under such a condition. 
[EMBODIMENT 2] 

A description will now be made of a second embodiment of 
the present invention. In this description of the embodiment, 
Fig. I, Fig. 2, Fig. 5, and Fig. 11 to Fig. 14 are employed. 
Fig. 1 is a block diagram for showing an arrangement of a waveform 
equalizer of the present invention, which is identical to the 
above-explained arrangement and therefore, the description 
thereof is omitted. Fig . 2 indicates an example of a burst structure 
of the reception signal which is inputted into the waveform 
equalizer. Symbols "Ta", "Tb M , and "Tc" show reception time 
instants, respectively. A section "Ta" to "Tb" indicates the 
known reference signal, and a section "Tb" to "Tc" represents 
random data. Fig. 5 shows ON/ OFF states of the tap arrangement 
control switch 8. Fig. 11 is a diagram for showing an example 
3 of reception power of an incoming wave corresponding to the 
reception burst shown in Fig. 2. Fig. 12 is a diagram for 
representing a predicted impulse response of a transfer path, 
which is predicted by employing the reference signal of the section 
"Ta" to "Tb". 

Now, considering an equalization operation with respect 
to such an impulse wave as shown in Fig. 11, a predicted impulse 
response thereof is indicated in Fig. 12. In Fig. 12, since 
a component of a preceding wave which is temporally advanced 
with respect to a main wave is present within 1 symbol time, 
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a total tap number of the FF filter 9 may be sufficiently 2 taps 
(=1+1) . Also, since all of components of delayed waves which 
are temporally delayed with respect to the main wave, a total 
tap number of the FB filter 10 may be sufficiently 3 taps. As 
previously explained, the taps of the tap arrangement control 
switch 8 are set to such ON/ OFF states as indicated in Fig. 5(A) . 

Therefore, it is possible to form an optimum tap arrangement 
of the waveform equalizer with respect to the predicted impulse 
response shown in Fig. 12. 

In this case, the waveform equalizer of the embodiment is 
arranged as follows. That is, the equalization operation is 
restarted from the beginning of the reception signal, depending 
upon the tap coefficient information sensed by the tap coefficient 
monitoring unit 11. In contrast, the waveform equalizer of the 
second embodiment is so arranged that the equalization operation 
is restarted from a preselected step prior to the present step 
of the reception signal equalizing steps, depending upon tap 
coefficient information sensed by the tap coefficient monitoring 
unit 11. 

The basic operation of the waveform equalizer according 
to the second embodiment is similar to that of the wavef ormequalizer 
according to the first embodiment, but only the position of the 
reception signal where the equalization operation is restarted 
is merely different between the first embodiment and the second 
embodiment . Also, a chance to restart the equalization operation 
by the waveform equalizer of the second embodiment is similar 
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to that of the waveform equalizer of the first embodiment. That 
is, in such a case that a tap coefficient of a specific tap is 
steeply changed, and/or when such a detection is made that 
dispersion of tap coefficient changing amounts of plural taps 
exceeds a properly set threshold value. 

As a consequence, a description will now be made of both 
a method for determining a new tap arrangement when an equalization 
operation is started and a starting position of the equalization 
operation with employment of the reception power example 3 of 
the incoming wave shown in Fig. 11. As apparent from Fig. 11, 
firstly, the main wave which has contained . the maximum level 
in the predicted impulse response (Fig. 12) of the period "Ta" 
to "Tb" is revered with respect to the level of the preceding 
wave in the time ranges before/after this time instant "Td" . 
As a result, the equalization operation cannot be carried out 
by the ON/OFF setting condition of the tap arrangement control 
switch 8 shown in Fig. 5(A) . 

As a result, it is now assumed that the tap coefficient 
monitoring unit 11 judges at the time instant "Td" of Fig. 12 
that the equalization operation cannot be further carried out. 

A description will now be made of a method for determining a 
new tap arrangement in such a case that the equalization operation 
is restarted from a certain equalizing step of the reception 

signal equalizing steps, which is prior to such a time instant 
when the judgement of non-equalization is made. Fig. 13 is a 

diagram for representing another analysis method (third analysis 



method) for the predicted impulse response of the transfer path 

shown in Fig. 12. 

In this third analysis method, the new tap arrangement is 
determined as follows: While a wave having a second highest 
level is recognized as the main wave in the impulse response 
of the transfer path, which is predicted from the reference signal 
of the section Ta to Tb of the reception burst shown in Fig. 
2, the tap coefficient is newly determined. This third analysis 
method is established from the below-mentioned nature. That 
is, there is a large probability that when a level change occurs 
in the relationship among the levels of the respective incoming 
waves due to the variation in the transfer path during the 
equalization operation, such a component of a wave which may 
constitute the main wave at this stage is equal to the second 
highest-leveled component of the incoming wave among the incoming 
waves at the time while the reception signal is received. While 
observing Fig. 12, namely the predicted impulse response of the 
transfer path of the section Ta to Tb shown in Fig. 11, the wave 
having the second highest-leveled component is equal to the 
preceding wave. This second highest-leveled component becomes 
the highest-leveled component in a half way (approximately time 
instant between "Taa" and "Tbb") of the equalization operation 
(see Fig. 11) - There is a strong trend in the actual transfer 
path . 

As a consequence, while the new tap arrangement is determined, 
the predicted impulse response of the transfer path shown in 



Fig. 12 may be analyzed as represented in Fig. 13, and then, 
the ON/OFF setting operation of the tap arrangement control switch 
8 may be changed. It should be noted that a main wave, a delayed 
wave 1, a delayed wave 2, and a delayed wave 3, shown in Fig. 
13 correspond to the preceding wave, the main wave, the delayed 
wave 1, and the delayed wave 2, respectively, indicated in Fig. 
11 and Fig. 12 . 

Since there is no such a preceding wave component which 
is temporally advanced from the main wave in Fig. 13, it can 
be seen that a total tap number of the FF filter 9 maybe sufficiently 
selected to be 1 tap (= 0 + 1) . Also, since all of the delay 
wave components which are temporally delayed with respect to 
the main wave are present within 4-symbol time, it can be seen 
that a total tap number of the FB filter 10 may be sufficiently 
selected to be 4 taps. Fig. 5(B) shows the setting content of 
the tap arrangement control switch 8 used to newly set the tap 
arrangement in the above-described tap determination manner. 

Then, with employment of such a set tap arrangement, when 
the equalization operation is restarted from a preselected 
equalizing step (namely, time instant "Taa" of Fig. 11) of the 
reception signal equalizing steps after such a judgement is made 
that the equalization operation cannot be carried out, the 
equalization performance can be improved. 

Next, a fourth analysis method is explained. Fig. 14 is 
a diagram for indicating a predicted impulse response of a transfer 
path, which is predicted by employing the equalization output 



S2 of a section "Taa" to "Tbb" shown in Fig. 11. In this fourth 
analysis method/ an impulse response of a transfer path is predicted 
by using as the reference signal, such an equalization output 
of a section which is slightly and temporally advanced (lead) 
from such a detection time instant when the equalization operation 
cannot be carried out by using the previously set tap arrangement, 
and then, the tap arrangement is determined based upon this 
predicted impulse response. This second analysis method is 
designed so as to determine the tap arrangement in higher precision 
than that of the first analysis method as follows. That is, 
while the equalization output S2 is correct and is assumed as 
the reference signal, the impulse response of the transfer path 
at the time when the equalization operation cannot be carried 
out is directly predicted. In other words, the impulse predicting 
device 12 predicts the impulse response of the transfer path 
based upon a correlation between the equalization output S2 in 
the section "Taa" to "Tbb" and the reception signal SI in the 
section "Taa" to "Tbb". This section corresponds to a time range 
which is temporally advanced from the time instant "Td" in Fig. 
11 when it is so judged that the equalizer cannot be operated. 

This predicted impulse response is indicated in Fig. 14, the 
ON/OFF states of the tap arrangement control switch 8 are set 
as indicated in Fig. 5(B), and then, the equalization operation 
is restarted from a preselected equalizing step (time instant 
"Taa" of Fig. 11) of the reception signal after such a judgement 
is made that the equalization operation cannot be done. As a 



result, the equalization performance can be improved. It should 
be noted that a main wave, a delayed wave 1, a delayed wave 2, 
and a delayed wave 3, shown in Fig. 14 correspond to the preceding 
wave, the main wave, the delayed wave 1, and the delayed wave 
5 2, respectively, indicated in Fig. 11 and Fig. 12. 

In the above-explained waveform equalizer of the second 
embodiment, when it is so detected that the equalization operation 
cannot be carried out, the equalization operation is restarted 
from a preselected equalizing step of the reception signal 
Q 10 equalizing steps. As a result, the equalization operation can 
Vb be carried out in higher precision, as compared with that of 

~ the conventional waveform equalizer. In such a case that the 

E variation of the transfer path is large as shown in Fig. 11, 

® the impulse response of the transfer path when the data of the 

15 section Tb to Tc shown in Fig. 2 is equalized is changed time 

O to time . As a result, the impulse response while the equalization 

LO 

Q operation is being carried out is greatly made different from 

^ the impulse response of the transfer path, which is predicted 

by using the reference signal of Fig. 2. In particular, the 
20 waveform equalizer of the second embodiment may achieve a great 
merit under such a condition. The waveform equalizer of the 
second embodiment does not restart the equalization operation 
from the beginning of the reception signal, but restarts a certain 
equalizing step of the reception signal equalizing steps. As 
25 a result, while the following characteristics to the transfer 
path can be improved, a total calculation amount of this waveform 
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equalizer can be reduced, as compared with that of the first 
embodiment. Accordingly, the power consumption can be reduced 
and the apparatus can be made compact. It should be noted that 
the restarting operation of the equalizing operation is performed 
5 only one time in the second embodiment. Alternatively, in such 
a case that the tap coefficient of the waveform equalizer is 
monitored during the restarting operation and it is so judged 
that the equalization operation cannot be again carried out, 
this restarting operation of the equalization operation may be 
10 repeatedly carried out. Since such an alternative equalization 
operation is executed, the equalization perf ormancemay be improved 
even in such a case that the variation of the transfer path is 
very strong, or the data of the section Tb to Tc shown in Fig. 
2 becomes very longer than the reference signal of the section 

15 Ta to Tb. 

[EMBODIMENT 3] 

In a large zone type mobile communication system, or a 
high-speed mobile communication system, when a plurality of 
electromagnetic transfer paths are established between base 
20 stations and mobile stations, an adverse influence caused by 
such a frequency selective fading phenomenon that interference 
between codes occurs due to a difference in these transfer paths. 
Both the above-described waveform equalizer according to the 
first embodiment and the above-explained waveform equalizer 
25 according to the second embodiment can solve the above-described 
problem. As a consequence, both a mobile station wireless 
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apparatus using the waveform equalizer of the present invention 
and also a base station wireless apparatus using this waveform 
equalizer may constitute terminal/base station infrastructure 
capable of realizing better reception performance. Moreover, 
a mobile communication system arranged by combining these mobile 
station wireless apparatus and base station wireless apparatus 
with each other may constitute a high-quality mobile communication 
system which is not adversely inf luencedby the frequency selective 
fading phenomenon. 

In addition, since the mobile station wireless apparatus 
is equipped with a means for detecting a moving speed (velocity) 
of this terminal, the operation of the tap coefficient monitoring 
unit 11 employed in the waveform equalizer of the present invention, 
which is mounted on this wireless apparatus, may be 
15 ON/OFF-controlled. As this means for detecting the moving speed 
of this terminal, such a detector may be employed which reads 
a speed value of a speed meter mounted on an automobile. 
Alternatively, when a portable terminal is used, such a detector 
may be used. That is, when this portable terminal is used while 
20 a user operates this portable terminal, the user may manually 
set a walk mode to this detector. 

If the moving speed of the terminal is slower than a preselected 
threshold value, or is set to the walk mode , then the tap arrangement 
need not be changed so as to restart the equalization operation, 
25 because the variation of the transfer path is small. As a 

consequence, the operation of the tap coefficient monitoring 
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unit is stopped. Therefore, it is possible to avoid the restarting 
operation of the erroneous equalizing operation by the tap 
coefficient monitoring unit 11, so that the equalization 
performance can be improved. At the same time, since the tap 
coefficient monitoring unit 11 is not operated, the wireless 
apparatus can be driven under low power consumption. On the 
other hand, in the case that the moving speed of the terminal 
is faster than a predetermined threshold value, or in the case 
that the terminal is not set to the walk mode, there is such 
a reception signal, that since the variation of the transfer 
path is large, the tap arrangement must be changed so as to restart 
the equalization operation. As a result, the tap coefficient 
monitoring' unit 11 is caused to be operated. 

As previously explained, since the mobile station wireless 
apparatus is equipped with the means for detecting the moving 
speed of this terminal, both the equalization performance can 
be improved, and also the reduction of the power consumption 
of the terminal can be realized, depending upon the use condition. 

In accordance with the waveform equalizer according to first 
aspect of the present invention, while the tap coefficient is 
monitored during the equalization operation of the reception 
signal, since the equalization of the reception signal is restarted 
from the starting step in such a case that the equalization operation 
cannot be carried out under the initially-set tap arrangement, 
the equalization performance can be improved. As- a consequence, 
there are many possibilities that optimum tap arrangements cannot 

- 52 - 



be established when starting tap arrangements are determined 
under the following conditions. That is, the starting tap 
arrangement is determined from the impulse response of the transfer 
path, which is predicted by employing the reference signal whose 
CNR is small. Also, since the levels of the predicted impulse 
response among the incoming waves competed with each other, any 
one of these competing incoming waves can be hardly determined 
as the main wave . However, this waveform equalizer can especially 
achieve the great merit under such a condition, since the necessary 
tap arrangement is sufficiently rearranged to restart the 
equalization operation. 

In accordance with the waveform equalizer according to second 
aspect of the present invention, while the tap coefficient is 
monitored during the equalization operation of the reception 
signal, when the equalization operation under the initially-set 
tap arrangement cannot be carried out,, the equalization operation 
is restarted from a preselected equalizing step of the reception 
signal equalizing steps from the present time instant when this 
fact is sensed. As a result, the waveform equalization by the 
waveform equalizer can be carried out in better performance. 
In other words, this waveform equalizer does not restart the 
equalization operation from the beginning of the reception signal, 
but restarts a certain equalizing step of the reception signal 
equalizing steps from the present time instant when this fact 
is sensed. As a result, while the following characteristic to 
the transfer path ca be improved, a total calculation amount 
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of this waveform equalizer can be reduced. Furthermore, the 
power consumption can be reduced and the apparatus can be made 
compact . 

In accordance with the waveform equalizer according to third 
5 aspect of the present invention, while the tap coefficient is 
monitored during the equalization operation of the reception 
signal, when the equalization operation under the initially-set 
tap arrangement cannot be carried out, the equalization operation 
is restarted from a preselected equalizing step of the reception 
10 signal equalizing steps from the present time instant when this 
fact is sensed. Also, the tap coefficient is further monitored 
while the equalization operation is restarted. Thus, since both 
the sensing operation of the equalization operation and the 
restarting operation of this equalization operation are repeatedly 
15 carried out, the equalization performance can be improved even 
when the variation of the transfer path is very strong, or even 
when the received data is very longer than the reference signal. 

Also, in accordance with the waveform equalizer of fourth 
aspect of the invention, this waveform equalizer is arranged 
20 to sense that the equalization operation cannot be carried out 
under such a tap arrangement set by utilizing the nature, that 
is, when the equalization operation cannot be carried out under 
the set tap arrangement, only the tap coefficient of a certain 
specific tap is steeply changed. As a result, the waveform 
25 equalizer can make the high-precision restarting judgement of 
the equalization operation with a very simple calculation, and 
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further, can improve the equalization performance. 

Also, in accordance with the waveform equalizer of fifth 
aspect of the invention, this waveform equalizer is arranged 
to sense that the equalization operation cannot be carried out 
under such a tap arrangement set by utilizing the nature, that 
is, when the equalization operation cannot be carried out under 
the set tap arrangement, the tap coefficients of the plural taps 
are largely changed every equalizing step. As a result, the 
waveform equalizer can make the high-precision restarting 
judgement of the equalization operation with a very simple 
calculation, and further, can improve the equalization 
performance. 

Also, in accordance with the waveform equalizer of sixth 
aspect of the invention, this waveform equalizer is arranged 

15 the initially-set tap arrangement is determined in such a manner 
that the incoming wave having the highest level component at 
the time instant when the reference signal is received is recognized 
as the main wave. In the case that the relationship among the 
levels of the respective incoming waves is changed due to the 

20 variation in the transfer path while the equalization is carried 
out, there is such a nature that the component of the incoming 
wave which may constitute the main wave at this time corresponds 
to the component of the incoming wave having the second highest 
level selected from the incoming waves when the reference signal 

25 is received. This probability is high . Since the tap arrangement 
is changed by using this nature while using the incoming wave 
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having the second high-leveled component as the main wave, the 
tap arrangement can be changed without substantially increasing 

the calculation amount. 

Also, in accordance with the waveform equalizer of seventh 
aspect of the invention, this waveform equalizer is arranged 
the impulse response of the transmission path is predicted, while 
using as the reference signal the equalized output of the section 
slightly before such a time instant when the detection is made 
of such a fact that the equalization cannot be carried out by 
using the set tap arrangement. Furthermore, the tap arrangement 
is changed by employing this prediction result. Accordingly, 
the tap arrangement can be more correctly changed, and furthermore, 
the equalization performance can be improved. 

The above-described waveform equalizer may be applied to 
the mobile station wireless apparatus, the base station wireless 
apparatus, and the mobile communication system. While the tap 
arrangement employed in the respective apparatuses can be optimally 
changed, even when the variation of the transfer path occurs, 
the equalization performance can be improved. With respect to 
various transfer conditions under which these apparatuses are 
employed under such an environment that the adverse influence 
by the frequency selective phasing phenomenon cannot be neglected, 
the reception performance can be improved. As a result, it is 
possible to construct the high-quality mobile communication system. 
More specifically, this may achieve a great effect in the large 
zone type mobile communication system and the mobile communication 
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system with the high transfer speed. 

Also, when the waveform equalizer is arranged so as to be 
controlled based upon the moving speed of the terminal, the tap 
coefficient control unit is operated for only required time period. 
As a result, the equalization performance can be improved, and 
furthermore, the lower power consumption of the apparatus can 



